Background: Cytogenetic and gene expression analyses in head and neck squamous cell carcinomas (HNSCC) have allowed identification of genomic aberrations that may contribute to cancer pathophysiology. Nevertheless, the molecular consequences of numerous genetic alterations still remain unclear.
Background
The broad application of cytogenetic and molecular genetics methods has led to the identification of tumorassociated chromosomal regions substantial for the tumorigenesis and progression of head and neck squamous cell carcinomas (HNSCC) [1] [2] [3] . Comprehensive analysis of recurrent amplified chromosomal regions has allowed identification of oncogenes and other cancerrelated gene such as EMS1, CCND1, PPFIA1, TAOS1 (11q13), LOXL4 (10q24), PAK4 (19q13), and HIF1A (14q23-q24) which have been associated with different clinical behaviors [4] [5] [6] [7] [8] [9] [10] . Therefore, associations of high-level genomic amplifications with altered gene expression and functional analysis of the affected genes represents an excellent approach to identify novel genes involved in tumor progression and carcinogenesis.
Here, we compared the genome-wide DNA copy number alterations present in five HNSCC-derived cell lines with those previously reported in tumour tissues. Remarkably, our data showed that the cell lines analyzed here resemble most of the important genomic alterations previously described in primary HNSCC. It also revealed the presence of several regions with high level focal amplifications (11q21-22.2, 18p11.31-p11. 21, 19p13 .2-p13. 13 , and 21q11) that have been previously identified in HNSCC [1, 11] .
Although rarely detected in solid tumors, high level amplification at 11q22-q23 has been described not only in HNSCC [12, 13] but in many malignancies including glioblastomas, renal cell carcinomas, sarcomas, and cervical, lung and pancreatic cancers [14] [15] [16] [17] [18] [19] thus suggesting that this region may harbor gene(s) that, when amplified, have an active role in tumorigenesis and/or cancer progression. YAP gene has been identified as a candidate target gene in 11q22 amplicon in several human cancers [20] [21] [22] . However, to date, no specific genes have been proposed as targets in HNSCC.
In the present report, we performed gene expression analysis of the amplified genes in each amplicon identified in HNSCC-derived cell lines what allowed the identification of 12 novel genes with potential implications in HNSCC biology. One of the most dramatically amplified and overexpressed gene identified here is TRPC6, a member of the transient receptor potential (TRPC) subfamily, located at 11q22.1. This novel genetic change was also identified in primary HNSCC-tumour samples. Remarkably, recent studies have revealed that TRPC6 has an essential role in glioma growth, invasion, and angiogenesis [23, 24] . We show here that TRPC6 overexpression confers enhanced invasive behavior to HNSCC cells. Therefore, TRPC6 may have an essential role in the development of the aggressive phenotype of HNSCC and may be a promising therapeutic target in the treatment of HNSCC.
Methods

Cell lines
The five established human HNSCC cell lines used in this study were kindly provided by Dr. Grenman [25] . Cell lines were derived from primary tumors located at the oral cavity (SCC2 and SCC40 cell lines) and larynx (SCC29, SCC38 and SCC42B cell lines). Cells were grown in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum, 100 units/ml penicillin, 200 μg/ml streptomycin, 2 mM L-glutamine, 20 mM Hepes pH 7.3 and 100 μM non-essential aminoacids. All cells were maintained at 37°C in 5% CO 2 .
Tissue samples
Surgical tissue specimens from 24 patients with HNSCC were obtained, following institutional review board guidelines, from the Hospital Universitario Central de Asturias and Hospital General Universitario de Valencia. All the procedures utilized in this study are in agreement with the 1975 Helsinki Declaration. Informed consent was obtained from each patient. All the patients included in our study underwent surgical resection of their tumor and bilateral neck dissection (functional or radical based on surgical findings). All of them had a single primary tumor; none had undergone treatment prior to surgery, and had microscopically clear surgical margins. A portion of the surgical tissue specimen was sharply excised, placed in sterile tubes, and stored at −80°C in RNAlater (Ambion) for DNA and RNA analysis. Clinically normal adjacent mucosa and normal mucosa from non-cancer patients were also collected. All patients were habitual tobacco and alcohol consumers.
DNA and RNA isolation
Genomic DNA was isolated using the QIAmp DNA Mini kit (Qiagen, Inc., Chatsworth, CA) and subsequently treated with RNase A (1unit/mL) at 37°C for 5 minutes. Total RNA was isolated from HNSCC cell lines and tumour tissues with Nucleospin RNA II (Macherey-Nagel, Easton, PA) following the manufacturer's instructions with the addition of an extra acid phenol/chloroform extraction followed by RNA precipitation.
Array-CGH
Arrays-CGH were performed as described by van den Ijssel et al. [26] . Briefly, tumour cell lines and reference DNAs (pooled from 10 different donors) were differently labelled by random priming. Three hundred ng test and reference DNA were hybridized to an array containing approximately 30,000 DNA oligos spread across the whole genome printed on Codelink activated slides (Amersham Biosciences, Barcelona, Spain). This array contained 29,134 oligos covering 28,830 unique genes. Hybridization and washing took place for two nights in a specialized hybridization chamber (GeneTAC/HybArray12 hybstation; Genomic Solutions/Perkin Elmer). Images were acquired using a Microarray Scanner G2505B (Agilent Technologies). Analysis and data extraction were quantified by BlueFuse (BlueGnome, Cambridge, UK). Gains were defined as at least two neighbouring oligonucleotides with deviations of 0.2 or more from log2 ratio = 0.0. High-level amplification was considered when at least two neighbouring clones reached a log2 ratio of 1.0 or higher.
qPCR Real-time PCR was done in an ABI Prism 7500 Real Time PCR System (Applied Biosystems, Foster City, CA) using Power SYBR Green PCR Master mix (Applied Biosystems) and the thermocycler conditions recommended by the manufacturer. Primers, designed using the computer program Primer Express (Applied Biosystems), were as described in Table 1 .
To perform mRNA quantifications, first-strand cDNA was synthesized from 2 μg of total RNA using the Superscript first-strand synthesis system for reverse transcriptase (Invitrogen, Carlsbad, CA) with random primers and oligodT according to the manufacturer's directions. Cyclophilin was used to normalize for RNA input amounts and to perform relative quantification. To perform genomic DNA amplification, tyrosine hydroxylase gene was used to normalize for DNA input amounts and to perform relative quantification. Melting curve analysis showed a single sharp peak with the expected T m for all samples and genes tested. Relative quantities were obtained using the 2 -ΔΔCt method [27] .
Western blot
Protein extracts were obtained from SCC42B cells at 70% to 80% confluence by scraping on ice in lysis buffer containing 50 mmol/l HEPES (pH 7.9), 250 mmol/l NaCl, 5 mmol/l EDTA, 0.2% NP40, 10% glycerol, and protease inhibitors (0.5 mmol/l phenylmethylsulfonyl fluoride, 1 μg/ml aprotinin, 10 μg/ml leupeptin and 1 mmol/l Na 3 VO 4 ). Equal amounts of proteins were fractionated on SDS-PAGE and transferred to PVDF membranes. Membranes were probed with anti-TRPC6 antibody (Abcam) or anti-β-actin (Sigma-Aldrich) at 1:100 and 1:5000 dilutions, respectively. Bound antibodies were detected using Enhanced Chemiluminescence Reagent (Amersham Pharmacia Biotech) according to the protocol of the manufacturer.
siRNA treatment siRNA duplex oligonucleotides (ON-TARGETplus SMARTpool Human TRPC6) were purchased from Dharmacon Research (Lafayette, CO). siCONTROL Nontargeting pool (Dharmacon) were used as control siRNA. SCC42B cells were transfected with 35 pmol/ml siRNAs using Lipofectamine 2000. TRPC6 mRNA analyses revealed a substantial inhibition (more than 60-70%) of TRPC6 expression 48-72 hours after transfection. The transfected cells were used for subsequent experiments within that interval of time.
Wound healing assay
Cells were grown to confluence in 35-mm tissue culture dishes. Cell monolayers were wounded using a micropipette tip, and floating cells were removed by extensive washing with DMEM. Photographs of the wounded area were taken immediately after making the scratch (0 h time point) and after 8 h using a Leica DMIL microscope to measure the migration rate of cells into the wounded area. At least 15 different fields were randomly chosen across the wound length. For the analysis of the differential cell migration capacity of SCC38, SCC40, and SCC42B cells, the rate of front migration of cell monolayers was analyzed in an AxioObserver.Z1 microscope (Zeiss), equipped with an incubation module, by taking pictures at 0 h and 8 h using an EC PlanNeofluor 10x/0.30 Ph1 objective.
Matrigel invasion assays
In vitro invasion assays were performed by using a 24-well invasion chamber coated with Matrigel (Becton Dickinson). Cells were trypsinized, washed with PBS, suspended in DMEM containing 5% BSA, and plated in the invasion chamber (3 x 10 4 cells per well). The lower chambers were filled with DMEM containing 5% BSA with 10% FBS. After 24 h, the cells remaining in the upper chamber were removed by scraping, whereas the cells that invaded through Matrigel were fixed and stained by using 0.5% Crystal Violet in methanol. All invading cells were counted by microscopic visualization. All analyses were performed in triplicate.
MTS-based cell proliferation assay
MTS assays were performed using CellTiter 96 Cell Non-Radioactive Proliferation Assay following the protocol recommended by the manufacturer (Promega, Madison, WI). Briefly, 1000 cells were seeded in each well of 96-well plates, and allowed to growth for 48, 72 or 96 hours. MTS assay was performed at each time point.
Results and discussion
Array CGH analysis of HNSCC-derived cell lines
Array CGH was used to characterize genome-wide DNA copy number alterations in five HNSCC-derived cell lines. Visual inspection of the array CGH profiles revealed the presence of an overall pattern that is broadly consistent with the literature in HNSCC (a summary of the chromosomal aberrations is shown in Table 2 ). Some degree of gain and/or loss was detected in every cell line. The data predicted frequent copy number gains (present in three or more cell lines) for specific segments in 3q, 5p, 7p, 8q, 9q, 11q, 14q, 18p, and 20q; and losses for 3p, 9p, 11q, and 18q. These copy number alterations, revealed through CGH-array, had been previously detected with conventional metaphase CGH analysis in HNSCC primary samples [1, 28] . High-level amplifications were detected at four chromosomal sites including 11q21-q22.2, 18p11.31-p11.21, 19p13.2-p13.13, and 21q11 (see Figure 1) . Gains encompassing these genomic regions have been described in previous reports [11, 12, 29, 30] . In addition to known regions, our CGH-array analysis disclosed alterations that had never been reported using conventional techniques, such as small gains in 4p12, 13q12, 21q21, and losses in 22q13 (Table 3) .
In general, the array CGH data showed that the recurrent genome aberrations described in primary HNSCC tissues are well preserved in the cell lines analyzed here. It also indicates that these cell lines have not accumulated substantial novel recurrent aberrations during extended culture. These data, together with our previous molecular and functional studies [31, 32] , suggest that analysis of genomic aberrations in the HNSCC-derived cell lines used here might be a useful approach to identify tumor-associated chromosomal regions substantial for the tumorigenesis and progression of HNSCC.
Impact of focal high-level amplifications on gene expression
To gain some insights into the role of genomic aberrations in HNSCC pathophysiology, we focused in focal amplification events for which it may be easier to pinpoint target genes involved in the pathogenesis of HNSCC.
The present analysis allowed narrowing down and delineating the boundaries of high-level amplification events. Boundaries from the p-telomere span from 95 to 102 Mb (11q21-q22.2), 3,44 to 16,81 Mb (18p11.31-p11.21), 11 to13 Mb (19p13.2-p13.13), and 14,1 to 15,3 Mb (21q11). These are relatively small genomic segments containing 20 or fewer genes (listed in Figure 1 ) suggesting that any of them may be the target(s) of the amplification. These amplicons do not contain wellestablished oncogenes in HNSCC. To identify putative driver genes in these genomic regions, we compared the expression levels of candidate genes mapping in the amplicons with their DNA copy number status. Figure 1 illustrates genome-wide copy number plots of the gene amplifications and the gene expression data. Interestingly, a high degree of correlation between DNA and mRNA levels was found for most of the genes selected at 11q, 18p, 19p, and 21q amplicons. This is in agreement with previous studies showing that amplification has a strong impact on transcription levels [33] [34] [35] . Expression of RNMT, MC5R, and MC2R genes at 18p11.31-p11.21 amplicon was significantly up-regulated in SCC40 cells that had shown high-level amplification at that locus, compared with cell lines without gene amplification (p < 0,0001) ( Figure 1B) . Similarly, the expression levels of the STCH and NRIP1 genes at 21q11 were significantly higher in SCC29 cells, which harbored amplification at that locus, than in the other cell lines without gene alteration (p < 0,01) ( Figure 1D ). Amplification of the ZNF443, and MAN2B1 genes at 19p13.2-p13.13, detected in SCC42B cells, also correlated with higher expression at the mRNA levels as compared with the other cell lines (p < 0,05) ( Figure 1C) . However, quantification of the mRNA levels of the JUNB proto-oncogene (19p13.2-p13.13) revealed that SCC42B cells had similar levels of expression than SCC29 cells, which did not show amplification of the 19p13.2-p13.3 locus. These data indicate that ZNF443 and/or MAN2B1 genes, but not JUNB, might be candidates of the selection pressure for structural amplification of the 19p13.2-p13.3 region, at least in SCC42B cells. In general, any of the amplified and over-expressed genes identified here (RNMT, MC5R, MC2R, ZNF443, MAN2B1, NRIP1, and STCH) might be up-regulated in a DNA copy number-dependent manner and could possibly contribute to HNSCC pathogenesis. To our knowledge, no previous evidence is available on the association of these genes in HNSCC biology. Of all the genes analyzed here, only JUNB has been previously found up-regulated at the mRNA and protein level in HNSCC tumour tissues [36] [37] [38] [39] . Our data suggest that its over-expression is caused by mechanisms other than gene amplification. Nevertheless, further studies are required to demonstrate unequivocally whether an association exists between the genetic and expression data in tumour tissue samples. With regard to the 11q21-q22.2 amplicon, recent studies reported high copy number amplification at this locus in HNSCC [12, 13, 30] . This region contains 18 known genes harbouring two gene clusters, one with nine matrix metalloproteinase (MMP) genes, and other with two baculoviral IAP repeat-containing protein (BIRC) genes. Expression analysis of BIRC and MMP genes in the HNSCCderived cell lines showed no correlation between their mRNA levels and DNA copy number status. In contrast, expression of JRKL, AD031, TRPC6, (Figure 1A ), YAP1 and PORIMIN (data not shown) genes were significantly upregulated in SCC42B cells that had shown high-level amplification at that locus, compared with cell lines without gene amplification (p < 0,01). Specifically, mRNA levels of JRKL, AD031, TRPC6, YAP1, and PORIMIN were, respectively, 30, 50, 600, 10, and 8-fold higher in SCC42B cells than in the other cell lines. mRNA expression of other candidate genes at 11q21-q22.2 amplicon (CNTN5, PGR, and MMP27) was not detected in any of the cell lines. These data exclude CNTN5, PGR, MMP and BIRC genes and point to any of the 5 amplified and over-expressed genes as critical gene-amplification "driver/s". Of them, only TRPC6 and YAP1 genes have been previously found deregulated in several types of cancer. Amplification and mRNA upregulation of YAP1 has been previously described in several cancers including HNSCC of the oral cavity [20, 30, 40] , sarcomas, meduloblatomas, and mesotheliomas [20, 21, 41, 42] .
In addition, recent studies showed that over-expression of YAP1 induces phenotypic alterations that are commonly associated with potent transforming oncogenes [40, [42] [43] [44] . TRPC6 is a member of the TRP family of Ca 2+ -and Na + -permeable channels shown to be up-regulated in glioblastomas and breast, prostate, gastric, and oesophageal cancer cells [23, [45] [46] [47] [48] . Our data revealed that this was the most dramatically up-regulated gene in SCC42B cells. However, to the best of our knowledge, up-regulation of TRPC6 has not been previously identified in HNSCC.
TRPC6 gene is amplified and over-expressed in HNSCCtissue specimens TRPC6 DNA and mRNA levels were analyzed in a panel of 24 primary tumors (Table 4 ). Eight out of 24 tumor samples displayed increased gene copy number as compared with a pool of DNA samples obtained from normal mucosa of five healthy individuals. Analysis of TRPC6 mRNA levels revealed that it was absent in normal mucosa from noncancer patients. Similarly, it was either absent or barely detectable in all clinically normal mucosa adjacent to tumors, and in 11/24 tumor samples. In contrast, 13 tumor tissues displayed TRPC6 mRNA levels that were 1.7-to 19-fold above the highest level found in normal mucosa. All but one tumor showing increased TRPC6 gene dosage also harbored TRPC6 mRNA over-expression. These data suggest that TRPC6 amplification may be responsible for TRPC6 over-expression and is a candidate driver gene in 11q21-q22.2 amplicon that may play a role in HNSCC pathophysiology.
Inhibition of TRPC6 expression does not induce changes in SCC42B cell proliferation
Previous studies have shown that inhibition of TRPC6 expression results in decreased cell proliferation in cancer cells [23, 24, 47, 49, 50] . To investigate the possible role of TRPC6 on cell proliferation of HNSCC cells, MTS assays and cell counting were performed in SCC42B cells expressing siRNA against TRPC6, and in their corresponding control cells. As shown in Figure 2 , inhibition of TRPC6 expression did not affect significantly the cell growth rates. Accordingly, the number of cells in each phase of the cell cycle was similar in SCC42B cells transfected with TRPC6 siRNA versus control siRNA (data not shown). We did not find association between the proliferation rate of SCC cells and the presence of TRPC6 gene amplification and overexpression. SCC42B cells carrying 11q21-q22.2 amplification proliferate more rapidly than SCC29 and SCC40 cells, but they growth at similar rates than SCC38 and SCC2 cells (data not shown). These data show that, in the tumour background examined here, TRPC6 is not important for cell proliferation.
Inhibition of TRPC6 expression impairs cell migration and invasion
In addition to cell proliferation, Ca 2+ signaling is known to be involved in cell locomotion. It was therefore tempting to speculate that SCC42B cells have a high migratory capacity. Comparison of the cell migration behavior of SCC38, SCC40 and SCC42B cells revealed that the migratory potential of SCC42B cells, which express high levels of TRPC6 and harbor 11q21-q22.2 amplification, was significantly higher than that of SCC38 and SCC40 cells, containing lower levels of TRPC6 mRNA and genomic DNA ( Figure 3A explored here. We therefore sought to determine whether inhibition of TRPC6 expression by siRNAs affects cell migration in SCC42B cells. As shown in Figure 3D , knock down of TRPC6 expression by siRNA resulted in a 36% decrease in cell migration as compared with cells transfected with nonspecific siRNAs. SCC42B cells were also analyzed for their invasive potential through a B1-mm Matrigel barrier compared with cells transfected with TRPC6 siRNA. The data revealed that invasion was dramatically inhibited with TRPC6 siRNA expression showing a~90% decrease in invasiveness ( Figure 3C and E). Plasma membrane ion channels contribute to virtually all basic cellular processes and are also involved in the malignant phenotype of cancer cells by modulating different hallmarks of cancer such as proliferation, cellular locomotion, and tissue invasion. Specifically, the morphological and adherence changes of metastatic cells involve Ca 2+ signaling supported by enhanced Ca 2+ influx. Recently, TRPC6 has emerged as an important player in the control of the aggressive phenotype of glioblastoma cells [23] . Our analysis of the functional significance of TRPC6 overexpression in HNSCC showed that TRPC6 also modulates cell invasion in HNSCC cells. This finding is of interest as it provides the opportunity to therapeutically target TRPC6 to interfere with Ca 2+ -dependent signaling involved in cell invasion.
Conclusions
In the present study, we report that TRPC6 (11q22) is overexpressed in HNSCC, and provide new evidence that increase in gene dosage is a novel mechanism to activate TRPC6 expression in cancer. Increased TRPC6 mRNA and gene dosage was detected in both, cell lines and tumor tissues, revealing that this molecular alteration can be pathologically relevant in HNSCC. In addition, siRNA-induced knockdown of TRPC6 expression in HNSCC-derived cells dramatically inhibited HNSCC-cell invasion. Therefore, TRPC6 is likely to be a target for amplification that confers enhanced invasive behavior to HNSCC cells and, therefore, may be a promising therapeutic target in the treatment of HNSCC. These data provide the foundation for further functional validation of this putative candidate gene in tumor tissues to determine whether it is crucial for tumor development or progression.
